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OLIGONUCLEOTIDE FOR GENOTYPING MYCOPLASMA AND ITS 
RELATED STRAINS, MICROARRAY COMPRISING THE 
OLIGONUCLEOTIDE, AND METHOD FOR DETECTING STRAINS USING 

THE MICROARRAY 

5 

Technical Field 

The present invention relates to a method for detecting Mycoplasma 
and its related strains which are a source of contamination of cell lines and 
biological products and human pathogens. More particularly, the present 
10 invention relates to genus-specific and species-specific oligonucleotides for 
genotyping Mycoplasma, Acholeplasm and Ureaplasma strains, a 
microarray comprising the oligonucleotides, and a method for detecting 
strains using the microarray. 



15 Background Art 

Mycoplasma is a prokaryote pertaining to Mollicute family without cell 
wall, which was known as a hospital acquired pathogen causing 
pneumonia via infection of genital and respiratory organs of human as well 
as livestock such as pig and cow. Recently, Mycoplasma is more seriously 

20 understood as a major contaminant of cell culture and cell line. 

Especially, as the development and production of biological products 
for protecting and treating human diseases increases, the contamination of 
various pathogens provided by microorganism or clinical sample in the 
process of production became a serious problem. Examples of the 

25 biological products are an oncolytic virus, vaccine, a gene therapy vector 
and a recombinant protein. They have been found to be contaminated by 
bacteria, fungus, virus, Mycoplasma and its related strains (Doblhoff-Dier 
et al., 2001). The reason of the contamination is an organism 
contaminated in media components or experimental instruments and 

30 cross-contamination of microorganism and virus in air (Jung et al., 2003). 
Also, the contamination can be occurred by a cross-contamination of 
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a I ready- infected WCB (Working Cell Bank) which is used for mass 
production of biological products (Wisher etal., 2002). 

It is reported that, among these contamination sources, about 15-35% 
of cell culture or cell line is infected by Mycoplasma and its related strains 
5 (Hopert et al., 1993). This also makes experimental results incredible 
because it can change characteristics of cells such as abnormal synthesis 
of DNA, RNA and protein by binding to host cell wall (Kong et al., 2001). 
As gene therapy and cell therapy are getting into the spotlight recently, an 
assay for infection of stem cell and cord blood by Mycoplasma and its 

10 related strain became more important. Therefore, for the credible and 
reproducible experimental results and the quality control of commercialized 
biological products, it is essential to detect an infection with Mytcoplasma 
and its related strains. 

Under this situation, Europe community make it a rule that, for 

15 credibility of safety and quality of food and drug, GMP (Good 
Manufacturing Practice) and QC (Quality Control) should be submitted and 
cell banks such as MCB (Master Cell Bank) and WCB should be subjected 
to an assay for detection of virus, fungus and bacteria such as 
Mycoplasma (Doblhoff-Dier etal., 2001). 

20 About 100 kinds of bacteria pertaining to Mollicute family without cell 
wall have been found so far, including Acholeplasma, Enteroplasma, 
Mesoplasma, Mycoplasma, Ureaplasma and Spiroplasma. Among them, 
about 20 kinds of Mycoplasma, Acholeplasma and Ureaplasma are major 
contamination source of cell culture. These are referred to as "Mycoplasma 

25 and its related strains" in this specification. About 95% of the contaminants 
are covered by M. arginini, M. fermentans, M. orale, M. hyorhinis, M. 
hominis, M. salivarium, M. pirum, A. laidlawii (Dorigo-zetsma et al., 1997). 
However, Mycoplasma is difficult to be cultured in extracellular media and 
turbidity is rare in the culture. Therefore, there has been a need to the 

30 rapid and accurate genotypic detection method which can trace a 
contamination source of Mycoplasma and its related strains. 
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Conventional Mycoplasma detection methods are the culturing method, 
the DNA fluorochome stain method, the immunofluorescence method, and 
the polymerase chain reaction (PCR) method (Dorigo-zetsma et al., 1997). 
However, the culturing method has a drawback that extracellular culturing 
5 is difficult, preparing its media is complex by adding supplements such as 
serum and culturing time is too long, about 4 days ~ 3 weeks according to 
the kinds of strains (Jensen et al., 2003). The DNA fluorochome stain 
method such as Hoechest 33258 stain has a drawback that culturing 
condition is too difficult to match and subjective inspectors can make a 

10 misjudgment (Chen et al., 1997). The immunofluorescence method such 
as ELISA has a drawback that bacteria having similar antigen with 
Mycoplasma such as Streptococcus milleri group and Staphylococcus 
aureus may raise a false positive signal due to of low specificity (Hopert et 
al., 1993). The PCR method makes use of 16S/23S intergenic spacer 

15 region (ITS) and a gene coding 169 kDa of P1 cyadhesion proteine which 
represent variety of Mycoplasma (Uphoff et al., 2002). The P1 gene, a 
surface antigen gene, has several subtypes representing diversity and has 
been used as a target gene for serological detection using immune 
reaction and genotypic detection using restriction fragment length 

20 polymorphism (RFLP) to identify Mycoplasma (Campo et al., 1998). 
However, most of conventional PCR methods use a primer designed 
based on 16S rRNA which is a common sequence of prokaryotes, and 
second PCR or nested PCR having high sensitivity can make a cross- 
contamination of Mycoplasma dispersed in air and an amplification of a 

25 bacteria similar with Mycoplasma in classification (Uphoff et al., 2002). 

To overcome the above limitations of the conventional detection 
methods, a genotypic detection method using probes have been developed 
recently, which make it possible to analyze many kinds of genes in a short 
time using DNA hybridization principle based on gene sequencing and 

30 detect specifically a single base change using a proper hybridization 
condition between specific probe and target DNA. 
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The present inventors developed ITS-derived oligonucleotides capable 
of detecting Mycoplasma and its related strains, which are important in 
genotypic detection, and a mycroarray comprising the oligonucleotides as 
a probe for detecting Mycoplasma and its related strains. 

5 

Disclosure of the Invention 

It is a first object of the present invention to provide oligonucleotides for 
detecting Mycoplasma and its related strains designed based on their ITS 
base sequences. 

10 It is another object of the present invention to provide novel ITS 
sequences of Mycoplasma bovis, Mycoplasma cloacale, Mycoplasma 
falconis, Mycoplasma faucium, Mycoplasma spermatophilum and 
Mycplasma synoviae, which is useful for detecting Mycoplasma and its 
related strains. 

15 It is another object of the present invention to provide a microarray 
comprising genus-specific and species-specific oligonucleotides for 
detecting Mycoplasma and its related strains as probes. 

It is another object of the present invention to provide a method for 
detecting Mycoplasma and its related strains using the microarray. 

20 It is another object of the present invention to provide a kit for 
diagnosing Mycoplasma and its related species infection individually or 
simultaneously, comprising genus-specific and species-specific 
oligonucleotides for genotyping Acholeplasma and related strains. 

25 According to an aspect of the present invention, there is provided a 
purified ITS (internal transcribed spacer) target DNA for genotyping 
Mycoplasma strains, comprising any one sequence selected from SEQ ID 
Nos. 1 to 6. 

SEQ ID Nos. 1 to 6 are base sequences of ITS (internal transcribed 
30 spacer) of Mycoplasma bovis, Mycoplasma cloacale, Mycoplasma falconis, 
Mycoplasma faucium, Mycoplasma spermatophilum and Mycplasma 
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synoviae, which was newly obtained by base sequencing analysis. 

The ITS target DNA of the present invention can be used indirectly for 
designing probes or primers used for genotyping Mycoplasma strains or 
directly for genotyping Mycoplasma strains via PCR amplification. 
5 According to another aspect of the present invention, there is provided 
an oligonucleotide for genus-specific genotyping of Mycoplasma and 
Ureaplasma strains, comprising any one sequence selected from SEQ ID 
Nos. 7 to 21 or its complementary sequence. 

According to another aspect of the present invention, there is provided 
10 an oligonucleotide for genus-specific genotyping of Acholeplasma strains, 
comprising any one sequence selected from SEQ ID Nos. 22 to 27 or its 
complementary sequence. 

According to another aspect of the present invention, there is provided 
an oligonucleotide for species-specific genotyping of Mycoplasma and 
15 Ureaplasma strains, comprising any one sequence selected from SEQ ID 
Nos. 28 to 127 or its complementary sequence. 

According to another aspect of the present invention, there is provided 
an oligonucleotide for species-specific genotyping of Acholeplasma strains, 
comprising any one sequence selected from SEQ ID Nos. 128 to 133 or its 
20 complementary sequence. 

The oligonucleotides according to the present invention are designed 
based on multiple sequence alignment of ITS (internal transcribed spacer) 
sequences, which are present between 16S rRNA and 23S rRNA of 
Mycoplasma and its related species. The oligonucleotides can be used as 
25 primers for PCR amplification in order to genotype Mycoplasma and its 
related species or as probes for hybridization reaction in order to genotype 
Mycoplasma and its related species. 

According to another aspect of the present invention, there is provided 
a microarray comprising more than one oligonucleotides selected from 
30 genus-specific and species-specific oligonucleotides for genotyping 
Mycoplasma, Acholeplasma and Ureaplasma strains according to any one 
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from claims 2 to 5 as probes attached on a support. 

In the microarray according to the present invention, the probes may be 
any materials having base sequence, preferably any one selected from a 
group consisting of DNA (Deoxyribose Nucleic acid), RNA (Ribose Nucleic 
5 Acid), and nucleic acid analogues such as PNA (Peptide Nucleic Acid), 
LNA (Locked Nucleic Acid) and HNA (Hexitol Nucleic Acid). 

In the microarray according to the present invention, the support may 
be any materials to which the probes can be attached, preferably any one 
selected from a group consisting of slide glass, plastic, membrane, 
10 semiconductive chip, silicon and gel. The microarray according to the 
present invention can be manufactured using conventional method such as 
pin microarray, ink jet, photolithography or electric array method. 

The microarray according to the present invention can be used for 
simultaneously genotyping various Mycoplasma and its related species 
15 which are known as a major contaminant of biological drug and cell line as 
well as a human pathogen from one sample, as the microarray comprises 
genus-specific and species-specific oligonucleotides for genotyping 
Mycoplasma and its related species as a set attached a support. 

According to another aspect of the present invention, there is provided 
20 a method for detecting Mycoplasma, Acholeplasma and Ureaplasma 
strains, comprising the following steps: 

a) extracting nucleic acids from a sample; 

b) amplifying target DNA among the extracted nucleic acids; 

c) hybridizing the amplified target DNA with probes of the microarray 
25 according to the above present invention; and 

d) detecting signals generated from the hybridization reaction. 

In the detection method according to the present invention, the sample 
may be biological drug, cell line, or human tissues or serum. The purifying 
step can be performed using conventional DNA or RNA purification method 
30 or kit. The signal detecting step can be performed using a conventional 
fluorescence scanner after binding conventional fluorescent dyes such as 
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Cy5 or Cy3. 

According to another aspect of the present invention, there is provided 
a kit for diagnosing Mycoplasma and its related species infection, 
comprising more than one oligonucleotide selected from genus-specific 
5 and species-specific oligonucleotides for genotyping Acholeplasma, 
Mycoplasma and Ureaplasma strains according to the above present 
invention. 

In the kit according to the present invention, the oligonucleotides are 
used as probes for hybridizing with target sample and may be contained in 

10 a proper vessel. The probes may be labeled with a radioactive or non- 
radioactive labeling agent, the latter comprises conventional biotin, 
Dig(digoxigenin), FRET(fluorescence resonance energy transfer) or 
fluorescent dye (Cy5 or Cy3). Further, the oligonucleotides can be used as 
primers for PCR amplification. In this case, the kit may contain DNA 

15 polymerase, 4 dNTPs and PCR buffer for PCR reaction. In addition, the 
oligonucleotides can be attached to a microarray as probes. In this case, 
the kit may contain hybridization reaction buffer, PCR kit containing primers 
for amplifying a target gene, washing solution for the unhybridized DNA, 
dyes, washing solution for unbound dyes and manual sheet for the 

20 microarray. 

Hereafter, the present invention will be described in more detail. 
The present invention provides a method for detecting or genotyping 
Mycoplasma and its related strains which is a major contamination source 
of cell lines and biological products and a human pathogen, comprising the 

25 following steps: 

a) if necessary, extracting nucleic acids from a sample such as cell 
lines, biological products or human tissue or serum; 

b) if necessary, amplifying target DNA of Acholeplasma, Mycoplasma 
and Ureaplasma strains among the extracted nucleic acids using more 

30 than one proper primers; 

c) hybridizing the amplified target DNA with probes having a sense or 
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antisense or complementary sequences of genus-specific and species- 
specific oligonucleotides of Acholeplasma, Mycoplasma and Ureaplasma 
strains disclosed in Tables 2 and 3; and 

d) detecting signals generated from the hybridization reaction. 
5 From the detected signals in the step d), the existence of Mycoplasma 
and its related strains in the sample can be predicted. 

The present inventors carried out a sequence analysis of ITS regions of 
many Acholeplasma, Mycoplasma and Ureaplasma strains to obtain 
genus-specific and species-specific oligonucleotides for detecting 

10 Mycoplasma and its related stains which can be a basis of developing a 
specific and sensitive hybridization assay. Also, the present inventors 
newly analyzed ITS sequences of newly found 6 Mycoplasma strains, 
which makes it possible to design probes capable of detecting more 
various Mycoplasma and its related strains. 

15 Table 1 discloses ITS sequences of newly analyzed 6 strains among 
target sequences for detecting Mycoplasma strains, which correspond to 
SEQ ID Nos. 1 to 6. In the present invention, the probes for detecting 
Mycoplasma strains were designed based on the multiple alignment of ITS 
sequences of Mycoplasma. 

20 FIGS. 1 and 2 show multiple sequence alignments of ITS regions of 
Mycoplasma, Acholeplasma and Ureaplasma for selecting genus-specific 
and species-specific probes of Mycoplasma and its related strains. Genus- 
specific oligonucleotides of Mycoplasma and Ureaplasma were designed 
from conservative sequence region indicated by a box in FIGS. 1a to 1f. 

25 Species-specific oligonucleotides of Mycoplasma and Ureaplasma were 
designed from polymorphic sequence region outside the box in FIGS. 1a to 
1f. Genus-specific oligonucleotides of Acholeplasma were designed from 
conservative sequence region indicated by a box in FIGS. 2a to 2c. 
Species-specific oligonucleotides of Acholeplasma were designed from 

30 polymorphic sequence region outside the box in FIGS. 2a to 2c. 

In step b) of the present invention, the target DNA of Acholeplasma, 
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Mycoplasma and Ureaplasma strains were amplified using more than one 
pair of proper primers. FIG. 3 shows PCR amplification of ITS target 
sequences of Mycoplasma and its related strains using a primer pair, 
MP16SF-2 and MP23SR-2. In FIG. 3, 1 is a PCR product of M. arginini, 2 
5 is a PCR product of M. arthritidis, 3 is a PCR product of M. fermentans, 4 is 
a PCR product of M. hominis, 5 is a PCR product of M. hyorhinis, 6 is a 
PCR product of M. neurolyticum, 7 is a PCR product of M. opalescens, 8 is 
a PCR product of M. orale, 9 is a PCR product of M. pirum, 10 is a PCR 
product of M. penetrans, 1 1 is a PCR product of M. pulmonis, 12 is a PCR 

10 product of M. salivarium, 13 is a PCR product of M. cloacale, 14 is a PCR 
product of M. falconis, 15 is a PCR product of M. faucium, 16 is a PCR 
product of M. hyosynoviae, 17 is a PCR product of M. muris, 18 is a PCR 
product of M. primatum, 19 is a PCR product of M. spermatophilum, 20 is a 
PCR product of M. synoviae, 21 is a PCR product of M. pneumoniae, 22 is 

15 a PCR product of M. genitalium, 23 is a PCR product of M. bovis, 24 is a 
PCR product of U. urealyticum, 25 is a PCR product of A. laidlawii. 

In step c) of the present invention, the amplified target DNA were 
hybridized with probes for detecting Mycoplasma and its related strains. 
Preferably, the probes may be a combination of more than one probes 

20 capable of simultaneously detecting many Mycoplasma and its related 
strains from a single sample. Practically, the probes are optimized to 
simultaneously hybridize with multiple target DNAs of Mycoplasma and its 
related strains under the same hybridization and washing conditions. 

The present invention provides a microarray comprising a set of probes 

25 for detecting Mycoplasma and its related strains, which can simultaneously 
detect many Mycoplasma and its related strains from a single sample with 
a single experiment. 

In the present invention, the term 'probe' means a single-stranded 
oligonucleotide having a sequence complementary to target DNA of 

30 Mycoplasma, Acholeplasma and Ureaplasma. The probe may have a 
sense, antisense or complementary sequence of SEQ ID Nos. disclosed in 
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this specification as long as it can hybridize with one of double strands of 
target DNA. The oligonucleotide may be ribonucleotide (RNA), 
deoxynucleotide (DNA), peptide nucleic acid (PNA) or locked nucleic acid 
(LNA), and contain modified nucleotides such as Inosine only if it does not 
5 change their hybridization characteristics. Preferably, the genus-specific 
oligonucleotides for detecting Mycoplasma, Acholeplasma and 
Ureaplasma may have a base sequence of SEQ ID Nos. 7 to 27. 
Preferably, the species-specific oligonucleotides for detecting Mycoplasma, 
Acholeplasma and Ureaplasma may have a base sequence of SEQ ID 

10 Nos. 28 to 133. 

FIG. 4 shows a microarray comprising probes for detecting genotypes 
of Mycoplasma and its related strains as a set on a support. In FIG. 4, 
each species name and SEQ IN Nos. are described which correspond to 
individual probes. The terms 'MP-C and 'AP-C mean Mycoplasma and 

15 Ureaplasma genus and Acholeplasma genus. FIG. 4 is no more than an 
example of probe compartment of the present invention, so compartment 
and layout of each probe can be varied. 

In the present invention, newly analyzed ITS sequences of 6 
Mycoplasma strains as a target DNA for detecting Mycoplasma and its 

20 related strains are as shown in Table 1. The genus-specific 
oligonucleotides for detecting Mycoplasma, Acholeplasma and 
Ureaplasma used in the present invention are as shown in Table 2. The 
species-specific oligonucleotides for detecting Mycoplasma, Acholeplasma 
and Ureaplasma used in the present invention are as shown in Table 3. 

25 
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[Table 1 ] 



Species 


Sequence 

(45' — 3} 


seq m no. 


Mbovis 


TTCTACGG AG X AC AC JIG TC TTTTATCACTATAAAAAAAAG AC TTATAAOC AAAAT 
TAG TAG ACC TATATTTATTTATAAACG TCATGGC TTTTATTAATAGG TC AAAAGC TA 
TATATCTAG TTTTG AQ AG AACATTCTC TCATATGTTC TTTG AAAACTG AATAG TAAA 
ATAT7TTTCG ATATTTAC AACG ACATC AAAAATCAAATTAATGG TTAATTTG TTTTG 
ATTC ATCG AGTAAG TCATATTTAATATG ATTC ATTG AAATG TC TTAAAATAC ACATC 
TAAAAG TAACMC AATAGG AAAAT^TACTTTTAAATAAGGAAGAG TTTTTGG TGG 
ATGC 


1 


Jllctoacale 


CTTC TACGG AG TAG AATTGTGAC TG TTATGG AATTAAATTTG TATCCAG TTTTG AG A 
GAAC TTTG TC TC AATTTTG TTC mG AAAACTG AATATAGACATTG AAATG AATAAA 
TTAA TATTTC AAATG TTTAG ATC AACC TATAGMTATTCAAGACATATACAAAAATA 
GG TCATACTTATATTTATAAATAC T 






CTTTC TACGG AGTAC AAC TTC TG TTATGG AATAATATTTG TATCCAG TTTTG AG AG T 
AC TAACTC TCTTTTTG TTC TTTG AAAAC TG AATATC G AC ATTG AAAAA TTA1TAATT 
AATATTTCAAAG TTTAG ATC AACC TATAG AATAC AAAAATATAG AC AAC AA TAG G T 
CATAC AACAAAC ATAAC AAAACAAC T 


a 


iVLfauciLffr} 


GAATGGTGGGTTCG AG ACTAAAAG TTATG G AAAAAC A TGG TATCCAG TTTTG AG A 
G AAC TAAACTTC TCTC TTTTG TTC TTTG AAAAC TG AATATAGACATTG AAAATTAAA 
AAATTAA TATTTC AAAG TTTAGATCAACC TATAG AATAC AAAATC AATAC AATAGG 
TC AATAC TATACAATTGC ATAAC AAAAAATACTATTAAACAAG ATAAG AG TTTTTG 
G TG G ATGC AATTG TA 


4 


MspemBtopWum 


G TG GGG ATGG ATCACC TCC TT TCTACG G AG TAC AAAC A TAC A TTCAAATTTTG AC T 
G AATG TTATTAACC TTATTTTTTC AC TAG GCC TTTTTMTATATTTTG TTATG TG ACT 
TTTATGGCC TAAAAG TCTTATATCTAG TTTTG AG AG G AC ATCC TC TCTAATTGTTC T 
TTGAAAAC TG AATAG TAAATTTTTTG ATATT TAC AACG ACATC TAAATAA TTG AATT 
AAG TCAATTTG TTTAG A TTTC ATC G AG ATAG TCATTTTAAAAAAATG ATTC ATTG AA 
ATG TCTTAAAATACAC ATC AAAACAAACAATC TATACAATAGG AATTTATATACT 




tVLsyrjoviae 


ICC TTACG GAGTACATTAATTTTAC AAMGG C A TTTTTA TTAACTG AAAGC TTTTAG 
AG AAAAATTCTAAAAGCGG TTG TG TATCGC TTTTTTTGCCTTGGGC TATTG TATTTA 
G TTTTG AG AG AAC AACC TC TC T TAAAATTG T TC TTTG AAAAC TAAATAG TAATAAA 

G a tA ttacaacg acatcaaaaa tataaa ttaattaagg ttaatttg ttttgataccg 

A& TTTAAATTATTG AATAA TAA TTTATTAAAA TG TCTTTG MTACATC ATAAC AATA 
TAACAATAGG ACATATTGATACTAAC TTTTAAAAAAG T 


6 
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[Table 2] 









S BQ 3 D NO 




MP-CF1 
MP-CP2 


TTCTTTQAAAACTGA 
R WTC TTTVAAAAC TFRATWN 


7 
8 


M. aiyfaini, M. arthritktis 

lltf. aioacafe 3 M- fatconis 

Aj. faucium, Jl-f. hominis 

JW- hyo3yr\oviae 3 

M. orate 

M. sathrariurri 


MP-CA1 
MPCA2 


MWTYGTRTCCAG TTTTG AG AG 
TTTAG ATC AACCTATAG AATA 


9 

10 


bo\4s A A£ ferftiefl fart s 
M. opaiescerts, 
Jltf, priiftatuifty 
M. sperm a tophi turn , 
lift, ayrioviae 


MP-CB1 
MP-CB2 
MP-CB3 
MP-CB4 


R TATYTAG TTTTG AG AGRRCA 
W WTR ATTYATTRAAATG TGTT 
GG KTAATTTQ TTTWG AT 
R ATATTTAC AMCG MCAYC 


11 

12 
13 

14 


Mn ffluria, penetrans 
U. ureatyticum 


MP-CC1 
MPCC2 


CC TCC TTTC TATCG GAG TAMA 
CGGATTC TATTTAa TTTTGAG 


15 
16 


M. neurotyiicuttt 3 
M. pulmonis 


MP-CD1 
MP-CD2 
MPCD3 


TAAAATAQ ATAGC TTAAKATA 
G TATYYAG TTTTG AAAG 
CTTGCCAAWTAGWTWT 


17 
18 
19 


M. genitatiurtt, 

M* pirum 

fjfn penuftiohiae 


MP-CE1 
MP-CE2 


AWACR AC AATCTTTC TAG TIC 
AATAAG TTAC TAAGGGC TTAT 


20 
21 


Acrtoteptasitta 


AP-CP1 

AP-CA2 
AP-CA3 
AP-GB1 
AP-CB2 


TCAICATATTCAG TTTTG 
G GGCC TRTAGC TGAG Y1GG TT 
AGAGCRCWCGCYTGATAAGCG 
WGRGG TCG ATGG TTCR AG TCC 
TC ATGATATTC AG TTTTG APR 
AG TCTTTG AAAAG TAG ATAAA 


22 
23 
24 
25 
26 
27 
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[Table 3] 



Species 


Probe 




SEQ ID NO, 


A?, argi rtirt i 


MP-arg1 
MP-aig2 


AQATTATAICATACAATAQA 
G AG TACATAAATG TTATGG AA 


28 
29 


M. arthritidis-f&upium 


MP-atfl 
MP-arf2 
MP-arf3 


TGAA3 CCCGATGG TGGCTTCG 
TG AGAGAACTAAACTTC TCTC 
GAATACAAAATCAATACAATA 


30 
31 


Af. ferfyiefitafta 


MP-ferl 
MP-fer2 
MP-fei3 
MP-fei4 
MP-feiS 


ATC TAC TATTAAC TTATTTGAC 
TACAAAAGAGTACTTTTTAAA 
TTTTTATGGG TC TAAAG CTTT 
G AAC AATATTTTTTTCTC TC A 
ATAAC AAACTATAACAATAGG 


33 
-34 
35 
36 
37 




MP-hom 1 
MP-hom2 
MP-hom3 


ATTTATCTC TCGGTTCTTT 
ATATTTATATTTTATAAQ AC A 
ATTG ATATATTAATTAATATT 


38 
39 
40 


A?, hyorhinis 


MP-hytfl 
MP-hyp2 
MP-hyo3 
MP-hyo4 
MP-hyoS 
MP-hya6 
MP-hyp7 
MP-hydB 


G AATAGCAAATAACAATATG ATT 
CGGAG TACATTAG TCTTAATT 
TTACATAATCG ATTCG TG TCT 
AGCTT TAAG TTCTC AATTATA 
TTCATATTTATTATTTCAAGG 
AACGATCTTTTTTATAACCGA 
TTAAATTTCTAAAATAGATTA 
AG ATATTTATC TTTAGCAATA 


41 
42 
43 
44 
45 
46 
47 
48 




MP-neul 
MP-rteu2 
MP-iieu3 


GG TTATTATGGGCTTG CTA 
GGTTATTTAAAAATCC TTTTA 
TAATTTTTTC TTTC TAATTAA 


49 
50 
51 


Af. opateacefis 


MP-opal 
MP-opa2 
MP-opa3 
MP-opa4 
MP-opaS 
MP-opaB 


C ATC ATAATG TAACCAATAC 
ACAAAAATCATTATTTTTAAT 
TTTAATGATTATTAACCTTTT 
TTATOTGC TTTG TTTTTATGG 
TATGG TC TAC AAAGC TTATAT 
GATAAAAAACAATCATAAATT 


52 
53 
•54 
-55 
56 
57 


A?, orste 


MP-oral 
MP-ofa2 
MP-ora3 


CATAAATAQ TTAATGGC TC A 
ATAGAGACAAATACAAAAACA 
GG TCAAAAATACTTATACGTA 


58 
59 
60 


A?, piruitf 


MP-pir1 
MP-pii2 
MP-pir3 
MP-pii4 
MP-pir5 


TAG TIC TTTG TGTGAATAACA 
CTTTATAC ACC TTATTAC AAT 
TAAAATCC AATTTAAATG TTA 
GCAAATTTGATG TCAACATTT 
AATTAATCTC TCC TATTACTT 


61 

m 

63 

64 
65 
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MP-pii6 


TTAAAG TAG TAG AG ATGG TIC 


66 




MP-pir7 


CAAATATCAAATGC TAATGG A 


67 




MP-pii8 


ATGC TAATGG ATATC AAAAAA 


68 




MP-peri1 


AAGAGTAAGTTC TAQ GTCG 


69 




MP-penS 


CATTAAAGCTAAQ TAACAAAT 


70 


M- penetrans 


MP-pen3 
MP-pen4 


TCC TAAAC TG AAATTTATC T 
TTATATAAG AG TAAG TIC TAG 


71 
72 




MP-per*5 


ATTTTTC TC TCAAG ATAG TTC 


73 




MP-pentii 


TCTAATCATACTTG TTATTTT 


74 




MP-pull 


AATTTTTGATCCGAG TCATT 


75 




MP-puia 


CATTTTTCTATC AATAG TTAT 


76 


M. putiftQfiis 


MP-pu|3 
MP-pul4 
MP-pulS 
MP-pul6 
MP-pul7 
MP-pul8 


TATGTCTATC TTGCCAATTAG 
TIC TATCTTTG AAAAC AAATA 
TATAAATTAATATGATAAOG T 
TCATCAAAATG TAAAATTTTT 
AAAAATAAAATAQ ATACC TTA 
AAATAAATTTCAACAATAGGA 


77 
78 
79 
80 
81 
82 


M. sativarium 


MP-sal1 
MP-sal2 


TAATGG ATTTAATTTTCGTG 
TATCAAATCAATATAATATTT 


83 
84 


M. ctcracate 


MP^Itfl 


AG TACAATTCTC AC TGTTATG 


85 


MP-dIcG 


TAG AATATTCAAG ACATATAC 


86 


M- fatconis 


MP-fall 
MP-faE 
MP-faS 


GAG TACAAC TTCTG TTATG 
AGAATACAAAAATATAGACAA 
ATTGAAAAATTATTAATTAAT 


87 
88 
89 


M- hycsyil oviae 


MP-hyos1 
MP-hyps2 


CTAGACTAAAG TTAATO GTAC 
AATTATCAAATTAATATTTCA 


90 
91 




MP-nurl 
MP-rnuiS 
MP-nur3 
MP-nui4 


TATAGAAAACCCCCACATCA 
TATTAGAATATTTTAAATATT 
GATTATTACACCATATTAGAA 
TCAATAAACC TAAATAAAAAA 


92 
93 

m 
95 




MP-pri1 


G TAj AC ATAACCCC AGC TA 


96 


Af. pritfiatLiift 


MP-pri2 
MP-pri3 


C AAACG TCTATCGC TTTTTAG 
TC ATGGG CTTTTAATAGG G TC 


97 
98 




MP-pri4 


ACCCC AAC TCCC ATC AAAAAT 


99 




MP-spel 


TTC ATC<i AG ATAG TCATTTTA 


100 




MP-speS 


CAAACATACATTCAAATTTT 


101 


Jl«f- sperfftatophiliJiyt 


MP-spe3 
MP-spe4 


TTTTGACTG AATG TTATTAAC 
TTTG TTATG TGACTTTTATGG 


102 
103 




MP-spe5 


AAAACAAACAATCTATACAAT 


104 
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MP-syril 


TTQQC TTGGG CTATTG TATT 


105 




MP-synS 


G CG <3 TTG TG TATGQ CTTTTTT 


106 


M. synoviae 


MP-syrt3 
MP-syt>4 


ACCTCTC TTAAAATTG TTC TT 
CCG AG TTTAAATTATTG AATA 


107 
108 




MP-syr*5 


CATCATAACAACATAACAATA 


109 




MP-fjnel 


G TAAATTAAACCCAAATCCC 


110 




MP-pne2 
[UP-pne3 


ATC TTTAATAAAG ATAAATAC 
CTAAACAAAACATCAAAATCC 


111 

112 




MP-pr>e4 


AAAGAACATTTCCGC TTC TTT 


113 




MP-geri1 


CACCCCTTAATTTTTTCGG 


114 


W. genitatiurft 


MP-geri2 
MP-geri3 
IWP-geri4 


AATGG AG TTTTTATTTTTTATTTA 
CCCAAATCAATG TTTGGTC TC 
C AACTAAC AC AC TTGG TCAGT 


115 
116 
117 




IMP-ger*5 


AG AATG TTTTTG AAC AG TTC 


118 




MP-geriB 


TAG TTCCAAAAATAAATACCA 


119 


M* hovis 


MP towl 
M P b w2 


TATAACCAAAATTAAAAQACCTA 
G TCATGG CTTTTATTAATAGG 


120 
121 




UP- u ret 


CATTAAG TTG TCAG TGAA 


122 


U uteatytfcuTft 


UP-urea 
UP-Lire3 
UP-ure4 


TAATTTACG TACTAATAAja 1G 
TTTATTAAAATCCATATGAAT 
AAGCCACTTTTTTAAAAATTT 


123 

124 
125 




UP-uieS 


CCATAATAATTAATTTATTAT 


126 




UP-ureG 


ATTATC AAC AAATCTTTC TAA 


127 




AP-lail 
AP-lai2 


AAC AC TT AS CAC AAQ ATG AC 
CTTTC TAAGG AG AAAGGC TAA 


128 
129 


A taidtawii 


AP-lai3 
AP-lai4 


ATG AC TAG TAG tAAG TAG TAA 
G TAG TAATATTC TC TAAATTT 


130 
131 




AP-laiS 


TTAAAG TAATTTAAG TGTTTC 


132 




AP-lfti6 


TAAATG ATG TCTGAAAAG AAA 


133 



* Mixed Base^l Code Name 



M:A + C, W:A + T, Y:C + T, R : A + G 
K : G + T, V:G + A + C, N:A+G + C + T 



Brief Description of the Drawings 

FIGS. 1a to 1f show multiple sequence alignments of each ITS region 
of Mycoplasma and Ureaplasma for selecting genus-specific probes. 

FIGS. 2a to 2c show multiple sequence alignments of each ITS region 
of Acholeplasma for selecting genus-specific probes. 

FIG. 3 shows a result of PCR amplification using primer pairs which 
can amplify ITS target sequences of many Mycoplasma and its related 
strains 

FIG. 4 shows a microarray comprising probes for detecting genotypes 
of Mycoplasma and its related strains as a set on a support. 

FIGS. 5a to 5k show results of image analysis of specific hybridization 
reaction of each probes for detecting genotypes of Mycoplasma and its 
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related strains and results of numerical analysis calculated from pixel 
intensity. 

Best mode for carrying out the Invention 

5 The present invention will be decribed in greater detail by means of 
following examples. The following examples are for illustrative purpose 
and are not intended to limit the scope of the invention. 

Example 1: Incubation of Mycoplasma and its related strains and 
10 Isolation of Genomic DNA 

Total 25 kinds of strains, including 1 kind of Acholeplasma, 23 kinds of 
Mycoplasma, and 1 kind of Ureaplasma were obtained from the American 
Type Culture Collection (ATCC). The strains were cultured in each 
culturing media under each culturing conditions according to manual 
15 provided by ATCC. From the cultured media, strain colonies were 

obtained with a white gold ear and input in 1.5m£ tube, 100(j£ of InstaGene 
matrix (Bio-Rad, USA) was added thereto and suspended, and reaction 
was performed at 56°C for 30 minutes in constant temperature bath. And 
then, the reactant was shook for 10 seconds, heated at 100°C for 8 min, 
20 shook again for 10 sec, centrifuged at 12,000 rpm for 3 min, transferred to 
new tube, and freeze-stored at -20°C. The product was used as template 
DNA of PCR reaction. 

The strains used were as followed: 

Acholeplasma laidlawii (ATCC 25937) 
25 Mycoplasma arginini (ATCC 23838) 

Mycoplasma arthritidis (ATCC 1 961 1 ) 

Mycoplasma bovis (ATCC 27368) 

Mycoplasma cloacale (ATCC 35276) 

Mycoplasma falconis (ATCC 51372) 
30 Mycoplasma faucium (ATCC 25293) 

Mycoplasma fermentans (ATCC 1 9989) 

16 
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Mycoplasma genitalium (ATCC 33530) 

Mycoplasma hominis (ATCC 231 14) 

Mycoplasma hyorhinis (ATCC 17981) 

Mycoplasma hyosynoviae (ATCC 25591) 
5 Mycoplasma muris (ATCC 33757) 

Mycoplasma neurolyticum (ATCC 19988) 

Mycoplasma opalescens (ATCC 27921) 

Mycoplasma orale (ATCC 23714) 

Mycoplasma penetrans (ATCC 55252) 
1 0 Mycoplasma pirum (ATCC 25960) 

Mycoplasma pneumoniae (ATCC 1 5531 ) 

Mycoplasma primatum (ATCC 15497) 

Mycoplasma pulmonis (ATCC 14267) 

Mycoplasma salivarium (ATCC 23064) 
1 5 Mycoplasma spermatophilum (ATCC 49695) 

Mycoplasma synoviae (ATCC 25204) 

Ureaplasma urealyticum (ATCC 27618) 

Example 2: Preparation of probes for detection of Mycoplasma and its 

20 related strains 

The probes used for detection of Mycoplasma and its related strains 
were selected based on a result of multiple alignment of ITS sequences of 
Mycoplasma, Acholeplasma and Ureaplasma. Among Mycoplasma and its 
related species, 16S rRNA sequences has high similarity of 74-97%, 

25 whereas ITS sequences has lower similarity of 25.4-78.8% except for 
between M. salivarium and M. hyosynoviae, and M. hominis and M. 
falconis. In other words, ITS contains a region more polymorphic than 16S 
rRNA which is useful for designing probes for detection of Mycoplasma and 
its related strains. However, to complement specificity between 

30 M. salivarium and M. hyosynoviae, and M. hominis and M. falconis having a 
high ITS similarity, more restrictive and strict probes were designed. 
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In the present invention, the oligonucleotide probes for detection of 
Mycoplasma and its related strains were prepared by synthesizing 15-25 
bases of specific probe with 15 bases of dT spacer at 5' end. Probes for 
detection of Mycoplasma and its related strains are not restricted to the 
5 sequences disclosed in Tables 2 and 3 and any primer and probes 
comprising the sequences can be used in the present invention. 

1 . Preparation of probes for detection of Mycoplasma and Ureaplasma 
® Preparation of probes for genus-specific detection of Mycoplasma 

10 and Ureaplasma 

For genus-specific hybridization with all Mycoplasma and Ureaplasma 
genus, probes of SEQ ID Nos. 7 and 8 in Table 2 were designed from 
conserved sequences of ITS of Mycoplasma. Further, each Group-based 
conserved sequences targeted to Mycoplasma ITS were designed as 

15 follows. For detecting Group I {M. arginins. M. arthritidis, M. cloacale, M. 
falconis, M. faucium, M. hominis, M. hyosynoviae, M. orale, M. salivarium), 
probes of SEQ ID Nos. 9 and 10 were designed. For detecting Group 
n (M. bovis. M. fermentans, M. opalescens, M. primatum, M. 
spermatophilum, M. synoviae), probes of SEQ ID Nos. 11, 12, 13 and 14 

20 were designed. For detecting Group JR(M. muris, M. penetrans, U. 
urealyticum), probes of SEQ ID Nos. 15 and 16 were designed. For 
detecting Group IV(M neurolyticum, M. pulmonis), probes of SEQ ID Nos. 
17, 18 and 19 were designed. For detecting Group V(M. genitalium, M. 
pirum, M. pneumoniae), probes of SEQ ID Nos. 20 and 21 were designed. 

25 

(D Preparation of probes for species-specific detection of Mycoplasma 
and Ureaplasma 

For species-specific hybridization with each Mycoplasma and 
Ureaplasma species, 100 kind of probes of SEQ ID Nos. 28 to 127 in Table 
30 3 were designed from species-specific sequences of ITS of Mycoplasma 
and Ureaplasma, which can detect 25 kind of Mycoplasma strains. 



Attorney Docket: P1 0031 US 



2. Preparation of probes for detection Acholeplasma 
CD Preparation of genus-specific probes for detection Acholeplasma 
For genus-specific hybridization with all Acholeplasma genus, probes 
5 of SEQ ID No. 22 in Table 2 was designed from conserved sequences 
targeted to both of ITS1 and ITS2 of Acholeplasma. Further, each Group- 
based conserved sequences targeted to each Acholeplasma ITS1 and 
ITS2 were designed as follows. For Group I targeted to ITS1, probes of 
SEQ ID Nos. 23, 24 and 25 were designed. For Group n targeted to ITS2, 
1 0 probes of SEQ ID Nos. 26 and 27 were designed. 

(2) Preparation of species-specific probes for detection Acholeplasma 
For species-specific hybridization with each Acholeplasma species, 
probes of SEQ ID Nos. 128 to 133 in Table 3 were designed from species- 
1 5 specific sequences of ITS of Acholeplasma. 

Example 3: Preparation of target DNA 

1. Preparation of target DNA for detection of Mycoplasma and its 
related strains 

20 For preparing target DNA for detection of Mycoplasma and its related 
strains, 187~290bp size of ITS regions were selectively amplified using 
5'biotin-GTG(C/G)GG(A/C)TGGATCACCTCCT-3' (MP16SF-2) and 
5 , -biotin-GCATCCACCA(A/T)A(A/T)AC(C/T)CTT-3' (MP23SR-2), and 
5'-biotin-AAAGTGGGCAATACCCAACGC-3' (M78) and 5-biotin- 

25 CCACTGTGTGCCCTTTGTTCCT-3' (R34) which were biotin-labeled 
respectively (Tang et al., 2000.). To prepare genomic DNAs of 
Mycoplasma and its related strains isolated in Example 1, PCR were 
carried out using the above primers in the following conditions: 

denaturation at 94°C for 3 minutes, 30 cycles of amplification at 94°C for 30 

30 seconds, at 55°C for 2 minutes and at 72°C for 2 miniutes, and final 
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extension at 72°C for 10 minutes. After the reaction, the reaction products 
were analyzed by ELECTROPHORESIS on a 2% agarose gel. FIG. 3 is 
an electrophoresis image taken after the PCR performed using primers 
capable to amplify ITS target sequences of several Mycoplasma. 

5 

Example 4: Probe immobilization on support 

Among the probes prepared in Example 2, each representative probes 
for Mycoplasma, Acholeplasma and Ureaplasma were selected. Each of 
the selected probes was transferred to 384-well microplate, diluted to a 

10 concentration of 50 pmole by adding spotting solution, and immobilized on 
a slide glass using a microarrayer (Cartesian Technologies, USA). In FIG 
4, each probes for detection of Mycoplasma and its related strains 
correspond to SEQ ID Nos. 7, 28, 30, 33, 38, 41, 49, 52, 58, 61, 69, 75, 83, 
85, 87, 30, 90, 92, 96, 100, 105, 110, 114, 120, 122, 22, 128, and 7 in 

15 order. Two spots of each kind of the probes were attached to the support 
and left in a slide box at room temperature for 24 hours or in a dry oven at 
50°C for about 5 hours to be fixed to the surface of the support. 

Example 5: Unimmobilized probe washing 

20 The slide glass after the process in Example 4 was washed with a 
0.2% SDS buffer solution and then distilled water at room temperature to 
remove unimmobilized probes. The washed slide glass was immersed in a 
sodium borohydride (NaBH 4 ) solution for 5 minutes and then washed again 
at 100°C. Final washing with a 0.2% SDS solution and then distilled water 

25 was followed by centrifugation to fully dry the slide glass. 

Example 6: Hybridization 

The biotin-labeled target products prepared in Example 3 were 
thermally treated to be denaturated into single strands and cooled to 4°C. 

30 A hybridization reaction solution containing 2u£ of the target products was 
prepared. This hybridization reaction solution was portioned on the slide 

20 
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glass after the process in Examples 4 and 5, and the slide glass was 
covered with a cover slip and reacted at 25°C for 1 hours. 

Example 7: Unhybridized tart DNA washing 
5 TO WASH OUT UNHYBRIDIZED TARGET DNAS, THE COVER SLIP 

WAS REMOVED USING A 2X SSC WASHING SOLUTION (300MM NACL, 
30MM NA-CITRATE, PH 7.0), AND THE SLIDE WAS WASHED WITH 2X 
SSC AND THEN 0.2X SSC, FOLLOWED BY CENTRIFUGATION TO 
FULLY DRY THE SLIDE GLASS. 

10 

Example 8: Staining and Result analysis 

To determine hybridization of PCR products and probes, Cy5- 
streptavidin or Cy3-streptavidin (Amersham pharmacia biotech, USA) was 

diluted with 6x SSC and BSA (Bovine Serum Albumin), about 40u£ of 
15 dilutes was portioned on slide glass, and the slide glass was covered with 
a cover slip to block light and reacted at 50°C for about 20 minutes. After 
the reaction, the cover slip was removed using a 2X SSC solution, and the 
slide was washed with 2X SSC and then 0.2X SSC. The hybridized result 
was scanned using a non-confocal laser scanner (GenePix 4000A, Axon 
20 Instruments, U.S.A.) and analyzed by image analysis. 

FIG. 5 shows results of image analysis of specific hybridization reaction 
of each probes for detecting genotypes of representative 11 kinds of 
Mycoplasma and its related strains and results of numerical analysis 

25 calculated from pixel intensity. 

FIG. 5a shows results of hybridization reaction of genus-specific probe 
(SEQ ID No. 7) and species-specific probe (SEQ ID No. 85) of M. cloacale. 
FIG. 5b shows results of hybridization reaction of genus-specific probe 
(SEQ ID No. 7) and species-specific probe (SEQ ID No. 87) of M. falconis. 

30 FIG. 5c shows results of hybridization reaction of genus-specific probe 
(SEQ ID No. 7) and species-specific probe (SEQ ID No. 90) of M. 
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hyosynoviae. FIG. 5d shows results of hybridization reaction of genus- 
specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID No. 49) 
of M. neurolyticum. FIG. 5e shows results of hybridization reaction of 
genus-specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID 
5 No. 52) of M. opalescens. FIG. 5f shows results of hybridization reaction of 
genus-specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID 
No. 69) of M. penetrans. FIG. 5g shows results of hybridization reaction of 
genus-specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID 
No. 61) of M. pirum. FIG. 5h shows results of hybridization reaction of 

10 genus-specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID 
No. 83) of M. salivarium. FIG. 5i shows results of hybridization reaction of 
genus-specific probe (SEQ ID No. 7) and species-specific probe (SEQ ID 
No. 100) of M. spermatophilum. FIG. 5j shows results of hybridization 
reaction of genus-specific probe (SEQ ID No. 7) and species-specific probe 

15 (SEQ ID No. 122) of U. urealyticum. FIG. 5k shows results of hybridization 
reaction of genus-specific probe (SEQ ID No. 22) and species-specific 
probe (SEQ ID No. 128) of A laidlawii. 

Industrial Applicability 

20 As described above, the present invention provides a rapid and 
accurate assay method capable of simultaneously detecting many 
Mycoplasma and its related strains from a single sample using a 
microarray comprising novel oligonucleotides for detecting Mycoplasma 
and its related strains which are known as a source of contamination of cell 

25 lines and biological products and human pathogenic. 

Also, the present invention provides an objective and credible assay 
method capable of tracing a contamination source for preventing 
expansion of infective Mycoplasma and its related strains and controlling a 
contamination of Mycoplasma against biological products and stem cells or 

30 cord blood cells which are useful for gene therapy and cell therapy. 

Further, the present invention provides very specific and sensitive 
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hybridization assay for detecting Mycoplasma and its related strains using 
oligonucleotide probes designed based on sequence analysis of ITS region 
of many Mycoplasma Strains. 
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